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SUMMARY
 
Recognition of potential pathogens is central to plants’ ability
to defend themselves against harmful microbes. Plants are able
to recognize pathogen-derived molecules; elicitors that trigger
a number of induced defences in plants. Microbial elicitors
constitute a bewildering array of compounds including different
oligosaccharides, lipids, peptides and proteins. Identifying the
receptors for this vast array of elicitors is a major research chal-
lenge. Only in a very few cases has the cognate receptor for a par-
ticular elicitor been identiﬁed. Biochemical studies have resulted
in the characterization of some elicitor binding proteins that may
be part of the recognition complex. Transmembrane receptor-like
protein kinases (RLKs) constitute one of the most likely categories
of receptors involved in pathogen perception. Some of these
serine/threonine kinases have been identiﬁed as resistance or 
 
R
 
genes, others as induced by pathogens or elicitors. One of the RLKs
belonging to a leucine rich repeat (LRR) class of putative receptor
kinases was recently identiﬁed as a receptor for bacterial ﬂagellin,
and the underlying signal pathway leading to activation of defence
genes was elucidated. These and other recent studies have revealed
intriguing similarities in elicitor recognition and defence signall-
ing processes in plant and animal hosts suggesting a common
 
evolutionary origin of eukaryotic defence mechanisms.
 
INTRODUCTION
 
To defend themselves against attack from the vast array of
viruses, bacteria, fungi, parasitic plants, nematodes and insects in
their environment, plants are equipped both with pre-formed,
constitutive chemical and mechanical barriers as well as with
inducible defence systems. Plants are normally capable of with-
standing an attack by a potential pathogen and responding with
a local and systemic induction of a series of defences that prevent
or contain the infection and provide enhanced resistance to sub-
sequent infections by the same or even unrelated pathogens. The
recognition of a potential pathogen results in several early
responses including rapid ion ﬂuxes, activation of kinase cas-
cades and the generation of reactive oxygen species (ROS). These
early events are followed by other defence responses including
induction of hypersensitive response (HR), a localized form of
programmed cell death (PCD) limiting pathogen spread, further
reinforcement of the cell walls, and production of antimicrobial
compounds such as defence proteins and phytoalexins. Many of
the plant defence responses are mediated by an interacting set
of endogenous signal molecules including jasmonic acid (JA),
ethylene (ET) and salicylic acid (SA). These signal molecules are part
of two major pathways in defence signalling, one SA-dependent,
the other SA-independent but involving JA and ET (Kunkel and
Brooks, 2002). However, these are not the only endogenous sig-
nals for defence gene activation but other molecules such as ROS
and nitric oxide (NO) appear also to be involved in plant defence
signalling.
Central to any inducible defence system is timely perception of
the pathogen. Plants are able to recognize compounds produced
or released by the aggressor (so-called elicitors) and employ
these to trigger defence signalling. Although a large array of
elicitor molecules have been characterized, only in a few cases has
the cognate receptor been identiﬁed. In this review we will brieﬂy
discuss the current view on plant defence elicitors and recent
developments in elucidating the identity of plant receptors
involved in elicitor recognition.
 
ELICITORS OF DEFENCE RESPONSE
 
Originally the term elicitor was used for molecules capable of
inducing the production of phytoalexins, but it is now commonly
used for compounds stimulating any type of plant defence (Ebel
and Cosio, 1994; Hahn, 1996; Nürnberger, 1999). Eventually, the
induction of defence responses may lead to enhanced resistance.
This broader deﬁnition of elicitors includes both substances of
pathogen origin (exogenous elicitors) and compounds released
from plants by the action of the pathogen (endogenous elicitors)
(Boller, 1995; Ebel and Cosio, 1994).
Elicitors may be classiﬁed into two groups, ‘general elicitors’
and ‘race speciﬁc elicitors’. While general elicitors are able to trigger
defence both in host and non-host plants, race speciﬁc elicitors
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induce defence responses leading to disease resistance only in
speciﬁc host cultivars. A complementary pair of genes in a partic-
ular pathogen race and a host cultivar determines this cultivar-
speciﬁc (gene-for-gene) resistance. Thus, a race speciﬁc elicitor
encoded by or produced by the action of an avirulence (
 
avr
 
) gene
present in a particular race of a pathogen will elicit resistance
only in a host plant variety carrying the corresponding resistance
(
 
R
 
) gene. The absence of either gene product will often result in
disease (Cohn 
 
et al
 
., 2001; Hammond-Kosack and Jones, 1997;
Luderer and Joosten, 2001; Nimchuk 
 
et al
 
., 2001; Nürnberger
and Scheel, 2001; Tyler, 2002). In contrast, general elicitors signal
the presence of potential pathogens to both host and non-host
plants (Nürnberger, 1999). The nonspeciﬁc nature of general elic-
itors is relative, however, and some of these are only recognized
by a restricted number of plants (Shibuya and Minami, 2001).
Recent studies have indicated remarkable similarities between
the defence mechanisms triggered by general elicitors and the
innate immunity of animals, and it is tempting to speculate that
the recognition of general elicitors subsequently leads to plant
innate immunity (Nürnberger and Brunner, 2002).
Elicitors do not have any common chemical structure, but
belong to a wide range of different classes of compounds includ-
ing oligosaccharides, peptides, proteins and lipids, as summar-
ized in Table 1. This vast array of elicitor compounds precludes
the presence of a common elicitor motif and suggests that plants
have the ability to recognize a number of structurally distinct
molecules as signals for pathogen defences. Elicitors act as signal
compounds at low concentrations, providing information for the
plant to trigger defence, distinguishing elicitors from toxins,
which may act only at higher concentrations and/or affect the
plant detrimentally without active plant metabolism (Boller,
1995). The terms are overlapping, however, as exempliﬁed by cer-
tain fungal compounds like fumonisin B1. While fumonisin B1 can
be seen as a phytotoxin in the interaction of the necrotrophic
pathogen 
 
Fusarium verticillioides
 
 with its host maize (Desjardins
and Plattner, 2000), it acts as a elicitor switching on active plant
defence and cell death programmes in the model plant 
 
Arabidopsis
 
(Stone 
 
et al
 
., 2000). Coronatine provides another example of a
compound with several identities. It is a phytotoxin produced by
certain races of the pathogen 
 
Pseudomonas syringae
 
. It mimics
JA, acting as a plant hormone and disturbing the ‘appropriate’
response in 
 
Arabidopsis
 
 (Feys 
 
et al
 
., 1994; Kloek 
 
et al
 
., 2001). On
the other hand, isolated from the pathogen, coronatine does
nothing but elicit the expression of defence genes (e.g. 
 
THI2.1
 
) in
 
Arabidopsis
 
 (Bohlmann 
 
et al
 
., 1998). Thus, depending on the type
of interaction, coronatine can be seen as a toxin, elicitor or a
plant hormone.
What is the function of the elicitors in the pathogen life cycle?
Most elicitors seem to fall into two broad categories. Many of
them are constitutively present in the pathogen cell wall as struc-
tural components, e.g. glucan and chitin fragments as well as
bacterial ﬂagellin and lipopolysaccharides (LPS). Another class of
elicitor plays a role as virulence determinants, e.g. harpins, prod-
ucts of 
 
avr
 
 genes (see Table 1), while the function of some eli-
citors remains elusive. In certain plant–pathogen interactions the
main elicitors for the plant response might be produced due to
the activity of plant cell wall-degrading enzymes. These enzymes
that are often essential virulence factors and provide the attack-
ing pathogen with nutrients, also release pectic fragments (oligo-
galacturonides, OGAs) that can act as endogenous elicitors (Ebel
and Cosio, 1994; Shibuya and Minami, 2001).
The vast majority of elicitors described so far are produced by
fungi and bacteria, but elicitors present in viruses or produced by
insects have also been described (Table  1). Chewing insects
cause mechanical wounding activating ET/JA-mediated defence
responses, and additionally produce other, more speciﬁc elicitors
of plant defence. The best-characterized insect-derived elicitors
are fatty-acid-amino acid conjugates (FACs) from the caterpillar
 
Manduca sexta
 
. Wounding, together with FACs, leads to increased
production of volatile compounds which trigger defence gene
activation but also act as an indirect defence by attracting pred-
ators of the caterpillar (Kessler and Baldwin, 2002). 
Elicitor-like substances are involved in the symbiosis between
leguminous plants and rhizobia (Cullimore 
 
et al
 
., 2001). The
bacterial partner produces chemical signals—nodulation (Nod)
factors—that are responsible for appropriate recognition of the
bacteria by the plant partner and subsequent nodulation. The
Nod factors are lipo-chitooligosaccharides and there are pieces
of evidence suggesting that the perception of Nod factors has
evolved from recognition of more general elicitors of plant
defence such as chitin fragments or LPS (Boller, 1995; Cullimore
 
et al
 
., 2001). Interestingly, LPS from plant growth-promoting
rhizobacteria trigger induced systemic resistance (ISR) to subse-
quent infections of plant pathogens without eliciting the accu-
mulation of PR proteins or phytoalexin (van Loon 
 
et al
 
., 1998).
As discussed above, there are a several indispensable com-
ponents that are present in a number of pathogens and are recog-
nized by a wide variety of plants as general defence elicitors.
Recent advances in characterizing responses to one such elicitor,
bacterial ﬂagellin, have been instrumental in understanding
plant immunity (Asai 
 
et al
 
., 2002; Felix 
 
et al
 
., 1999; Meindl 
 
et al
 
.,
2000). Flagellin represents the protein building block of the ﬂag-
ellar ﬁlament of eubacteria. Flagellins from a series of Gram-
negative bacteria have elicitor activity, except those from highly
specialized organisms like 
 
Rhizobium melioti
 
 and 
 
Agrobacterium
tumefaciens
 
 (Felix 
 
et al
 
., 1999). First demonstrated with 
 
Pseu-
domonas syringae
 
 (Felix 
 
et al
 
., 1999), ﬂagellin was shown to elicit
medium alkalinization and ET production in tomato cell cultures
as well as callose deposition and defence gene activation in
 
Arabidopsis
 
 (Gómez-Gómez 
 
et al
 
., 1999). The N-terminal part of
ﬂagellin, containing 15–22 conserved amino acids is responsible
for the elicitor activity (Meindl 
 
et al
 
., 2000). Flagellins as well as 
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Table 1
 
Elicitors of defence and defence-like responses in plants. 
 
I
 
 = oligosaccharides; 
 
II
 
 = peptides and proteins; 
 
III
 
 = glycopeptides and -proteins; 
 
IV
 
 = glycolipids; 
 
V
 
 = lipophilic elicitors
Elicitor* Source Function in producing organism Type Examples for effects in plants
 
I
 
Branched (1,3-1,6)-
 
b
 
-glucans; 
 
Phytophtora,
 
Component of the  General  Phytoalexin in soybean,
active with DP 
 
³
 
 7 or 5,
 
Pythium
 
fungal cell wall rice
depending on host
Chitin oligomers; active  Higher fungi  Chitin (linear 
 
b
 
-1,4-linked  General  Phytoalexin in rice;
with DP 
 
³ 
 
4–6, depending polymer of 
 
N
 
-acetyl- ligniﬁcation in wheat
on host glucosamine) of the fungal leaves
cell wall
 
I + II
 
Pectolytic enzymes degrading Various fungi and Enzymes provide General Protein inhibitors and
plant cell walls and releasing bacteria nutrients for the defence genes in
endogenous elicitors, e.g. pathogen
 
Arabidopsis
 
, tomato
oligogalacturonides
 
II
 
Elicitor activity independent
 
Trichoderma viride
 
Enzyme of fungal Race speciﬁc HR and defence genes
from enzyme activity, e.g. metabolism in tobacco
endoxylanase
Elicitins (10 kDa)
 
Phytophtora
 
, 
 
Pythium
 
Sterol scavengers? Narrow HR in tobacco
PaNie 25 kDa
 
Pythium aphani-
 
? General PCD and callose formation
 
dermatum
 
in tobacco, carrot, 
 
Arabidopsis
avr
 
 gene products, e.g.
 
Cladosporium fulvum
 
; Role in virulence? Race speciﬁc HR in tomato
AVR4, AVR9
 
avr
 
 products also from
other fungi and bacteria
Viral proteins, e.g. viral  TMV Structural component Race speciﬁc HR in tomato, tobacco
coat protein
  Harpins (kDa) Several Gram-negative Involved in Type III General HR and defence genes in
bacteria secretion. Exact function? tobacco and 
 
Arabidopsis
 
Flagellin (33 kDa); ﬂg15 is Gram-negative bacteria Part of bacterial General Callose deposition, defence
sufﬁcient for activity ﬂagellum genes, ROS in 
 
Arabidopsis
 
Protein or peptide toxins, 
 
Helminthosporium
 
Toxin for host plants Race speciﬁc PCD in oat
e.g. victorin
 
victoriae
 
 (rust)
 
III
 
Glycoproteins, e.g. a 42 kDa 
 
Phytophtora sojae
 
? General Phytoalexin and defence
protein where a Pep-13 genes in parsley
fragment without
glycosylation site is sufﬁcient
for elicitor function
Glycopeptide fragments of  Yeast Enzyme in yeast General Defence genes and
invertase metabolism ethylene in tomato
 
IV
 
Syringolids (acyl glycosides)
 
Pseudomonas
 
Signal compound for Race speciﬁc HR in soybean carrying
 
syringae
 
 pv. the bacterium?
 
Rpg 4
 
 resistance gene
Nod factors (lipochitooligo-
 
Rhizobium
 
 and other Signal in symbiosis General Nod formation in legumes
saccharides) rhizobia communication but also alkalinization in
tomato cell cultures 
 
V
 
FACs (fatty acid amino acid Various 
 
Lepidoptera
 
Emulsiﬁcation of lipids  General Monoterpenes in tobacco—
conjugates) during digestion? ‘indirect’ defence
Ergosterol  Various fungi Main sterol of higher General Alkalinization in tomato
fungi cell cultures
Bacterial toxins, e.g.
 
Pseudomonas syringae
 
Toxin in compatible  General Defence genes and defence
coronatine interactions, disturbs compounds in 
 
Arabidopsis
 
,
‘proper’ salicylic acid
 
Brassica
 
response, mimics
jasmonate action
Sphinganine analogue
 
Fusarium moniliforme
 
Toxin in necrotrophic General PCD and defence genes
mycotoxins, interaction; disturbs in tomato, 
 
Arabidopsis
 
e.g. fumonisin B1 sphingolipid metabolism
*DP = degree of polymerization.
Data from reviews (Boller, 1995; Cullimore 
 
et al
 
., 2001; Ebel and Cosio, 1994; Hahn, 1996; Kessler and Baldwin, 2002; Leach and White, 1996; Nürnberger, 1999; 
Ponchet 
 
et al
 
., 1999; Shibuya and Minami, 2001; Tyler, 2002) and original articles (Asai 
 
et al
 
., 2002; Bohlmann 
 
et al
 
., 1998; Desjardins and Plattner, 2000; Felix 
 
et al
 
., 1999; Feys 
 
et al
 
., 1994; Gómez-Gómez 
 
et al
 
., 1999; Hanania and Avni, 1997; Kloek 
 
et al
 
., 2001; Stone 
 
et al
 
., 2000; Tada 
 
et al
 
., 2001; Veit 
 
et al
 
., 2001). 
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other general plant defence elicitors are also recognized as
antigenic by animals. These molecules, referred to as pathogen-
associated molecular patterns (PAMPs) trigger immune response
genes and the production of antimicrobial compounds in animals.
Thus similar elicitor molecules appear to trigger innate immunity
in animals and plants (Nürnberger and Brunner, 2002).
In nature, plants have to deal with various potential aggres-
sors, all of them capable of exhibiting a speciﬁc ‘elicitor proﬁle’.
How then does the plant perceive the given elicitor signal? The
elicitor may act directly as a ligand or release plant compounds
(endogenous elicitors) which interact with receptors. The elicitor
does not necessarily need to interact with a receptor but may, for
example form membrane pores or bilayer discontinuities that
elicit responses. These mechanisms of elicitor activity have been
suggested for peptides from the parasitic fungus 
 
Trichoderma
viridae
 
 (Engelberth 
 
et al
 
. 2001), yeast elicitors (Klüsener and
Weiler, 1999), and the bacterial HR inducer harpin (Lee 
 
et al
 
.,
2001a,b).
 
PERCEPTION OF ELICITORS
 
The successful activation of plant defence responses requires
timely perception of the aggressor, whether through recognition
of race-speciﬁc elicitors or general elicitors. While only a very few
receptors interacting with elicitors have been identiﬁed, recent
results have signiﬁcantly improved our understanding of elicitor
perception and the development of disease resistance. Interest-
ingly, in many race–cultivar speciﬁc interactions, especially those
involving bacteria, the recognition of the 
 
avr
 
 gene products by
 
R
 
 gene products appears to take place intracellularly (Bonas
and Lahaye, 2002; Nürnberger, 1999), often involving leucine
rich repeat (LRR)-containing proteins. Not all R proteins are
intracellular—some seem to act as cell-surface receptors. Plant
cell-surface receptors are key components that perceive extra-
cellular stimuli from the environment, including both general and
race speciﬁc elicitors. Several high afﬁnity binding sites for general
elicitors including oligosaccharides, glycopeptides and peptides
have been identiﬁed through biochemical approaches (Basse 
 
et al
 
.,
1993; Cheong and Hahn, 1991; Cosio 
 
et al
 
., 1990; Ito 
 
et al
 
., 1997;
Mithöfer 
 
et al
 
., 2000; Nürnberger 
 
et al
 
., 1994; Umemoto 
 
et al
 
., 1997).
For example, similar 75 kDa proteins associated with the plasma
membrane of 
 
Glycine max
 
 and 
 
Phaseolus vulgaris
 
 cells, bind 
 
b
 
-
glucan elicitors from 
 
Phytophthora
 
 species with high afﬁnity
(Mithöfer 
 
et al
 
., 2000; Umemoto 
 
et al
 
., 1997). However, none of
these proteins exhibit a signalling domain, suggesting that these
 
b
 
-glucan binding proteins may interact with other components to
transduce the elicitor signal (Mithöfer 
 
et al
 
., 2000).
Molecular approaches have led to the identiﬁcation of several
types of putative receptors in plants. According to their structural
characteristics they have been classiﬁed into different categories,
including receptor-like protein kinases (RLKs), histidine kinase
receptors and receptors with different numbers of transmem-
brane domains (Grignon, 1999; Satterlee and Sussman, 1998;
Walker, 1994). Some of the best characterized but not directly
involved in pathogen perception are the ethylene receptor ETR1
and the cytokinin receptor CRE1, both of them histidine kinase
receptors (Bleecker and Kende, 2000; Inoue 
 
et al
 
., 2001).
Of special interest in pathogen perception are the RLKs; there
are at least 340 genes encoding putative RLKs in the 
 
Arabidopsis
 
genome (The Arabidopsis Genome Initiative, 2000). RLKs are
characterized by an extracellular domain which is probably
involved in signal perception, a transmembrane domain and a
cytoplasmic kinase domain, which may initiate a signal trans-
duction cascade into the cell. All plant RLKs identiﬁed are serine-
threonine kinases and based on the structural characteristics of
the extracellular domain they have been divided into different
categories (Fig. 1) (Satterlee and Sussman, 1998; Shiu and Bleecker,
2001; Walker, 1994).
The diversity of plant RLKs and the large number of them
present in the 
 
Arabidopsis
 
 genome suggest that RLKs may be
involved in the perception of a wide range of stimuli, including
elicitors produced both during symbiosis (Endre 
 
et al
 
., 2002;
Stracke 
 
et al
 
., 2002) and in plant–pathogen interactions. Some
RLKs have been identiﬁed as 
 
R
 
 gene products, e.g. Xa21 (an LRR
type of RLK) from rice (
 
Oryza sativa
 
) that confer resistance to
Fig. 1 Schematic representation of plant receptor-like protein kinases (RLKs) 
possibly associated with elicitor perception. All the RLK identiﬁed contain a 
serine-threonine kinase domain and their extracellular domains exhibit 
similarity to diverse sequence motifs. (A) Xa21 from rice contains leucine-rich 
repeats (LRR) (Song et al., 1995). (B) AthLecRK1 from Arabidopsis contains 
lectin-like motifs (Hervé et al., 1996). (C) PR5K from Arabidopsis exhibits 
similarity to the PR protein thaumatin (Wang et al., 1996). (D) CHRK1 from 
tobacco shows similarity to the PR protein chitinase (Kim et al., 2000). (E) 
WAK1 from Arabidopsis contains epidermal growth factor-like (EGF) repeats 
(He et al., 1999). (F) LRK10 from wheat do not exhibit homology to a particular 
established sequence motif (Feuillet et al., 1997). (G) StPRKs from potato 
exhibit a novel bimodular cysteine motif (Montesano et al., 2001).Pathogen derived elicitors 77
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Xanthomonas oryzae pv. oryzae (Song et al., 1995) and LRK10
from wheat (Triticum aestivum) that confer resistance to the
wheat rust fungus Puccinia recondita (Feuillet et al., 1997). Sev-
eral R genes appear to encode cytoplasmic proteins related to
RLKs, including the Pto R gene product involved in resistance
against P. syringae (Shiu and Bleecker, 2001).
In addition to R gene products, several other RLKs have been
associated with plant defence responses to pathogens. In these
cases, the association is usually based on the expression pattern
certain RLKs exhibit in plants treated with elicitors, pathogens or
signal molecules related to defence responses such as SA. For
example, RLK3 from Arabidopsis is induced by oxidative stress,
SA and pathogen attack (Czernic et al., 1999), SFR1 (S domain
RLK) from Brassica oleracea is induced by wounding and bac-
terial infection (Pastuglia et al., 1997), and StPRKs (potato receptor
kinase) from potato (Solanum tuberosum) are induced by plant
cell wall-degrading enzymes from Erwinia carotovora and short
oligogalacturonides (Montesano et al., 2001). The StPRKs consti-
tute a new group of RLKs with a bimodular cysteine motif in the
extracellular domain (Montesano et al., 2001). Another group of
pathogen-related receptor kinases is the WAK (wall associated
kinase) family that is induced by pathogens and SA and thought
to interact with cell wall pectin (He et al., 1999; Shiu and
Bleecker, 2001). The extracellular domain of the WAK from Ara-
bidopsis contains epidermal growth factor-like (EGF) repeats (He
et al., 1999). Whether the elicitors inducing expression of the RLK
genes are ligands of these RLKs remains to be demonstrated.
Structural features of some RLKs suggest an elicitor receptor
function. Thus some RLKs contain extracellular domains with
similarity to pathogenesis-related (PR) proteins from plants.
Examples of this class are PR5K from Arabidopsis with similarity
to PR5 (thaumatin) (Wang et al., 1996) and CHRK1 from tobacco
with similarity to chitinase (Kim et al., 2000). It is tempting to
speculate that CHRK1 may be involved in the recognition of
pathogen-derived chitin oligosaccharides. Another class of RLKs
possibly involved in the perception of oligosaccharide elicitors
contains lectin-like motifs within their extracellular domain (Fig. 1).
Based on the sequence similarity to lectin proteins, the lectin
binding motifs of these RLKs are thought to bind sugars (Hervé
et al., 1996).
By far the best characterized receptor system for a general
pathogen elicitor is the ﬂagellin receptor identiﬁed by the Boller
laboratory (Gómez-Gómez and Boller, 2000; Gómez-Gómez and
Boller, 2002). They employed a genetic screen for ﬂagellin insen-
sitive Arabidopsis mutants that mapped to a single locus FLS2.
This gene was shown to encode a LRR-containing transmem-
brane RLK, structurally similar to Xa21 (Fig. 1). The LRR regions
often participate in protein–protein interactions and evidence
suggests that the LRR domain of FLS2 indeed interacts with a
conserved domain of eubacterial ﬂagellin (Bauer et al., 2001).
Interestingly, FLS2 exhibits a structural similarity to Drosophila
Toll and mammalian TLRs (Toll like receptor), both of which are
LRR-type receptors involved in mediating the innate immune
responses in animals. Thus, both plants and animals appear to
have related receptors to the same elicitor, ﬂagellin. Recent work
using transient assays in Arabidopsis protoplasts led to the
identiﬁcation of a MAP kinase cascade and WRKY transcription
factors downstream of FLS2 (Asai et al., 2002). The similarity of this
signalling system to those in animals further suggests a common
evolutionary origin of innate immunity response in plants and
animals.
Although a direct receptor–elicitor interaction has been
demonstrated in some cases (as in the ﬂagellin–FLS2 interaction),
the recognition event is often likely to be more complicated. For
example, the tomato protein kinase Pto requires an additional
NB-LRR protein (Prf) to trigger a resistance response upon recog-
nition of AvrPto (Oldroyd and Staskawicz, 1998). The elucidation
of such a type of Avr/R interactions led to the development of the
guard hypothesis (for review and possible mechanistic scenarios
see Dangl and Jones, 2001; Luderer and Joosten, 2001). Gener-
ally, the Avr product does not directly interact with an R-protein,
but at least three players are needed to trigger resistance. New
insights into the mechanisms involved here are provided by the
recent results of Mackey et al. (2002). Similar scenarios to those
described above are possible in general elicitor–RLK interactions,
where induction of the RLK defence cascade might require not
only the elicitor itself but also a guardee molecule forming a com-
plex with the elicitor, which is thereafter recognized by the receptor.
These scenarios are hypothetical, but the lack of a direct R/Avr
interaction in several cases and the difﬁculty in ﬁnding receptors
for given general elicitors are indicators for such more complex
scenarios. An exciting task for the future will be the elucidation
of the nature of these putative recognition complexes.
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